A considerable body of evidence suggests that the deleterious meiotic effects of pericentric inversions in F1 hybrids can be overcome by changes in chiasma location and various means of nonhomologous pairing. Such overriding mechanisms may render pericentric inversions benign and increase the likelihood of their fixation in population isolates. It has been argued that overriding mechanisms of this type negate the involvement of pericentric inversions as reproductive isolating mechanisms in speciation. It is suggested, however, that the involvement of pericentric inversions in speciation should be considered on two levels. First, that by reducing meiotic effects in F1 hybrids, overriding mechanisms facilitate the fixation of pericentric inversions. Secondly, when contact hybridization occurs between the chromosomally derived and parental populations second-level effects may be encountered. That is, the recombinational effects of pericentric inversion differences on coadapted gene complexes (sensu Brncic, 1954; Shaw & Coates, 1983 ) enforce profound inviability barriers in F2 and backcross matings. In this way, multiple pericentric inversions may act as significant post-mating isolating mechanisms, whereas individual inversions with less significant second-level effects may not.
The model
The action of chromosomal rearrangements as postmating isolating mechanisms in those situations when a parental and chromosomally derived population contact and hybridize, is based on the expectation that the hybrid will have reduced fertility because of the meiotic problems that chromosomal heterozygosity generates. Consequently, the difficulty of estabiishiig a population which has a derived negatively heterotic arrangement is a fundamental problem of chromosomal speciation theory.
The status of pericentric inversions as potential post-mating isolating mechanisms has been queried on a number of occasions, because of certain anomalies encountered in inversion heterozygotes, which override any deleterious meiotic effects (John & King 1977 , 1980 John 1981; King 1984 King , 1987 . Four separate mechanisms have been implicated in this process. First, chiasma location may be changed to a terminal position, or these may occur outside the inversion loop (Hale, 1986) . Secondly, non-homologous pairing of the inverted segment in heterozygotes may occur in pachytene. This has been observed by meiotic analysis in numerous Orthopteran species 437 Schroder, 1968; John & King, 1977 , 1980 while the analysis of synaptonemal complexes has confirmed this process in grasshoppers (Fletcher & Hewitt, 1978) and in rodents Greenbaum & Reed, 1984; Hale, 1986) . Thirdly, Moses et al. (1984) and Tease & Fisher (1988) have described reverse chromosome pairing in inversion heterozygotes, i.e. association of telomeric and centromeric ends followed by synapsis. Fourthly, Moses (1977) detailed the process of synaptic adjustment, whereby an inversion loop is formed in the synaptonemal complex of heterozygotes in early pachytene, but as pachytene progresses the loops become smaller until none remain, i.e. nonhomologous resynapsis occurs.
It should be pointed out that in certain situations several of the synaptic mechanisms may be found in the one heterozygote along with inversion loops (Stack & Anderson, 1988) . In other cases such mechanisms are absent and synaptonemal complexes form inversion loops (Moses et al., 1982; Stack & Anderson, 1988) . If overriding mechanisms of the types described above are present, there is little doubt that pericentric inversions could reach fixation in isolated populations by stochastic processes alone (sensu Lande, 1984 We can no longer argue with confidence, however, that those apparently neutral pericentric inversions, which can reach fixation because of their meiotic overriding mechanisms, cannot play a role in speciation as post-mating isolating mechanisms, because it appears likely that other factors are involved. Dobzhansky (1951) demonstrated that inversion heterozygotes which carry chromosomes derived from a single population, usually exhibit heterosis. If the chromosomes were derived from different populations, however, heterosis did not necessarily result. This discrepancy was attributed to the disruption of coadapted gene complexes which had been established for each of the parental populations, in the structural hybrid.
These results were extended by Vetukhiv (1953) and Brncic (1954) , who introduced cytologically indistinguishable chromosomes with a uniform gene arrangement into populations of Drosophila pseudoobscura, which had different genetic backgrounds. In both studies, F1 hybrids showed heterosis, whereas F2 and F3 hybrids were less viable than both the F1 and parental strains. The reduction in viability was attributed to the effects of recombination between the chromosomes derived from different populations, disintegrating the coadapted gene complexes. Shaw & Coates (1983) 
were able to construct a series of crosses between cytologically identical and different, and electrophoetically identical and different populations. These authors were able to partition the contribution made to inviability by the chromosomal and genic differences. Thus, 54 per cent of the inviability was attributed to genic and 42 per cent to chromosomal differences. Most significanly, the impact of the inversion differences was related to second level recombinational effects rather than first level effects (Shaw et a!., 1986) . The implications of these findings on the possibility of pericentric inversions acting as post-mating isolating mechanisms are significant in four respects. First, in a derived population distinguished by multiple pericentric inversions, the question of how such changes could ever reach fixation when they provide second-level inviability barriers in later crosses (i.e. F2 and backcross), arises. The most reasonable answer is that the individual inversions must have been established sequentially, so that their effects on the fitness of the population were minimized. That is, it is assumed that the second-level effects on viability are less profound with single inversions. If the inversions were established simultaneously rather than sequentially, it is probable that the second-level effects would achieve the same level of inviability encountered in F, and backcross and consequently none could reach fixation.
Nevertheless, the possibility of multiple inversions simultaneously reaching fixation in populations undergoing particular dynamic changes cannot be ruled out .
Secondly, it is probable that the second-level recombination effects described by Shaw et al. (1986) 4 Further inbreeding and backcrossing lead to profound sterility barriers due to the second level effects; resulting in a narrow hybrid zone with an absence of gene flow across it. The magnitude of second-level effects will be proportional to the number of fixed inversion differences established between parental and daughter populations.
Thus, the overriding of first level effects facilitates the fixation of neutral pericentric inversions, whereas second level effects allow these to operate as major post-mating isolating mechanisms. That is, the overriding mechanisms which render pericentric inversion heterozygotes as benign in F1 hybrids contribute to the increased likelihood of the inversions eventual fixation.
It is only when secondary contact is made between populations with multiple inversion fixed that hybrids formed in the contact zone can display the profound second-level inviability effects.
Two basic assumptions are necessary for this model to be general. First, that the second-level inviability effects described by Vetukhiv (1953) and Brncic (1954) in Drosophila pseudoobscura and by Shaw & Coates (1983) in Caledia captiva are the same; are also present in other organisms; and are a product of pericentric inversion heterozygosity. Secondly, that the secondlevel effects of individual inversions are less deleterious than those associated with multiple inversions and that they may be additive. Clearly, this model for chromosomal speciation is not universal since the existence of balanced polymorphisms involving multiple pericentric inversions (see John & King 1977 , 1980 for examples) suggest that some inversions lack second-level effects.
Nevertheless, those species in which second-level inversion effects are present have a profound postmating isolating mechanism which could be implicated in chromosomal speciation.
